ABSTRACT This case-control study investigated risk factors for cerebral palsy in a Palestinian population. Cases were 107 children aged 1-15 years at a cerebral palsy referral centre in Jerusalem; controls were 233 children without cerebral palsy from West Bank outpatient clinics. Data were collected from medical records and a structured questionnaire to parents. In stepwise logistical regression, consanguinity and birth deficits in other family members were positively associated with cerebral palsy (OR = 4.62; 95% CI: 2.07-10.3 and OR = 12.7; 95% CI: 3.13-51.7 respectively), suggesting a possible genetic link. Other risk factors were: perinatal hypoxia (OR = 92.5; 95% CI: 24.5-350), low birth weight (OR = 4.98; 95% CI: 2.01-12.3), twin births (OR = 9.25; 95% CI: 1.29-66.8) and no prenatal medical care (OR = 5.22; 95% CI: 1.18-23.1). This first stepwise model of significant and modifiable risk factors in our population provides useful evidence for policy-makers. 
Introduction
Cerebral palsy is the most common motor disability of childhood (1) . It is caused by damage to the developing brain resulting in neurological and motor deficits. In adulthood mortality and morbidity from ischaemic heart disease, cerebrovascular disease, cancer and trauma are higher in people with cerebral palsy than in the general population (2) . The underlying causes of the condition remain under debate and vary from medical mismanagement at birth to multifactor steps which form a series of causal pathways (3) . Limited research also suggests that there are population-specific factors which may produce unique risks (4) . Better evidence about the contribution made by both known and emerging risk factors are important for prevention of the disorder.
Having consanguineous parents is a known risk factor for congenital disability and genetic disorders (5) . Although the worldwide prevalence of cerebral palsy has remained stable at 2-2.5 per 1000 live births (4) , there are no population-based birth prevalence studies among highly consanguineous populations. It is estimated that onefifth of the world's population located in the Middle East, West Asia and North Africa and in emigrant populations now living in North America, Europe and Australia are consanguineous. A study conducted in Palestine in 2004 found that the rate of consanguinity was 45% of all marriages (6) . Other estimated prevalence rates in the region are 68% in Egypt, 33% in Syrian Arab Republic, 58.1% in Jordan, 54.4% in Kuwait, 57.7% in Saudi Arabia and 50.5% in the United Arab Emirates (7) . Despite this, studies into consanguinity and health in the region are limited. A study of Turkish children with cerebral palsy found consanguinity to be a top risk factor (8) . This association of consanguinity with complex disorders such as cerebral palsy is new and the results are ambiguous (9) . Some authors suggest consanguinity increases susceptibility to multifactorial diseases in addition to increased risks for autosomal recessive diseases compared with the general population (7) . A more recent Jordanian study which examined global developmental disorders including cerebral palsy found that consanguinity was a major risk factor (9) . Other evidence for developmental problems linked to consanguinity have been provided from the Syrian Arab Republic (10) . A study in Palestine found higher reading disabilities in children with consanguineous parents (6, 11) . However, other risk factors of importance for cerebral palsy in the region have been suggested, such as hypoxia, low birth weight, jaundice and preterm birth (8, 12) .
Both cerebral palsy and consanguinity are public health issues in Palestine. This research-the first known study in Palestine-adds to the existing information and highlights an important health problem. This study aimed to examine the association of cerebral palsy with known and emerging risk factors, including consanguinity, in Palestinian children in order to present a model of the salient risk factors for Palestine.
Methods

Study design and setting
A case-control study design was used. The cases were selected from The Princess Basma Centre for the Disabled, Mount of Olives, Jerusalem, which is the national cerebral palsy rehabilitation centre for Arab children. Children under the age of 15 years are admitted free of charge for a period of 1 week to 3 months, depending on need. It is the only centre in Palestine which offers residential physiotherapy, special education, speech therapy, nursing services, social work and play. The unique holistic approach means that cases are referred by the Palestinian Ministry of Health (MOH), United Nations Relief and Work Agency for Palestine Refugees in the Near East (UNRWA) and private clinics. Therefore, cases came from all over Palestine. The controls were selected from West Bank outpatient clinics and were matched to cases based on the same geographical location of residence.
The study was carried out from 19 January to 29 August 2011. A consent form was signed by all participants and permission for the study was obtained from Al-Quds University institutional review board and all the health-care providers.
Sample
The sample size was determined using the following case-control sample size equation:
where: p 1 = proportion of exposure among cases; p 0 = proportion of exposure among controls; q 1 = 1-p 1 ; q 0 = 1-p 0 ; α = 0.05; β = 0.2-power of 80%, based on the relative risk of the exposure and size of sample from existing published studies. This was combined with the desired power of the statistical test (13): p 0 = 0.049, p 1 = 0.049 × 3.4 (RR) = 0.1666. From this, N = 105 for both cases and controls.
Males and females aged between 1-15 years were included in this study. The diagnostic criteria for cases were a physician's diagnosis of cerebral palsy and physician-documented risk factors in the patients' records. From those resident at the Princess Basma Centre during the research period, a convenience sample of 107 cases with their mothers were recruited. The controls were selected by systematic probability sampling from every other child attending outpatient clinics on the day of the research visit, with any diagnosis except cerebral palsy. Clinics were chosen randomly from MOH and UNWRA registries; private clinics 
Data collection
Data were collected in the same way for cases and controls using a structured questionnaire (Daher S, unpublished questionnaire, 2011) that was filled by the investigator from data in the medical records and an interview with mothers in Arabic. This included demographic data of the parents, characteristics of the pregnancy and delivery, and information about the child including the child's diagnosis (the distribution, tone and severity of cerebral palsy). 14) and grouped into professional, skilled, semiskilled, unemployed]; consanguineous parents (no/yes; 1st cousins, 2nd cousins, more distant family relations); any close or extended family members with physical or cognitive deficits from birth (no/ yes; disability to be specified); fertility treatment (type to be specified); and thrombophilia/clotting disorder (no/ yes). All variables except sociodemographic variables were defined using Taber's cyclopedic medical dictionary (15) .
Variables
Validation
Discussions as to the content and format of the questionnaire took place with multidisciplinary professionals who work at the hospital. A pilot study was used to verify that the questions were clear, the duration of the questionnaire was reasonable and that the questions, although of a personal nature, were not embarrassing. The questions appeared to have face validity; this was judged to be the case after the pilot study. As a result of the pilot study a question regarding the families' income was removed, as there was no objective way of verifying this. Socioeconomic status was therefore was done using SPSS, version 19 statistical software.
Results
The demographic data for the 107 cases and 223 controls are presented in Table  1 . There was no statistically significant difference between the mean age of the case and control groups [3.87 (SD 2.71) years and 4.17 (SD 3.94) years respectively] (P = 0.47). There were slightly more males than females in both groups (male:female ratio 1.18 for cases and 1.12 for controls). The great majority of mothers of both groups were housewives, and when mothers did work most were in professional employment. There was no statistically significant difference in the age of mothers or fathers comparing the case and the control groups. Table 1 shows that significantly more of the cases than controls were born to parents who were 1st cousins (34.6% versus 17.9%) or 2nd cousins (8.4% versus 1.3%) (P < 0.001). A family history of birth deficits was reported for 15 (14.0%) cases and 4 (1.8%) controls. Table 2 shows the birth characteristics of the cases and controls. There was a statistically significant difference between the mean weight of cases and controls at delivery, with the cases having lower birth weight [2686 (SD 902) g versus 3183 (SD 600) g] (P < 0.001). Mean gestational age was significantly lower in cases than controls [36.4 (SD 5.2) weeks versus 38.5 (SD 2.2) weeks] (P < 0.001). Over half of the cases (58.9%) were incubated after delivery compared with only 6.3% of controls and the mean time spent under incubation was significantly longer for cases. Jaundice was noted for 18.7% of cases versus 7.6% of controls and the duration of jaundice was significantly longer for cases.
A high proportion of the cases were delivered by caesarean section (48, Table 3 shows the regression analysis for parents' consanguinity (1st or 2nd cousins) and other relations (more distantly related members of the same family). Cousin consanguinity was a significant risk factor for cerebral palsy (OR = 3.23; 95% CI: 1.93-5.39) (P < 0.001), whereas more distant family relations was not a significant risk. Table 4 summarizes the univariate analysis for all the study variables.
Pregnancy and delivery variables that were significantly associated with a higher risk of cerebral palsy were: birth weight ≤ 2500 g (OR = 4.60); caesarean section delivery (OR = 2.65); gestational age < 37 weeks (OR = 2.90); multiple births (OR = 11.4); infection during pregnancy (OR = 4.80); infection during delivery (OR = 5.00); congenital abnormalities (OR = 2.41); and hypoxia at birth (OR = 65.8).
Other factors that were significantly associated with cerebral palsy were: no medical care during pregnancy (OR = 5.50); and delivery in MOH hospital (OR = 2.70).
Having consanguineous parents increased the risk of cerebral palsy almost 3-fold (OR = 2.85) and having other children with disabilities in the family increased it almost 9-fold (OR = 8.90) ( Table 4 ). The numbers of cases and controls with a family history of birth deficits were small, but of the 15 case children with disabilities in other family members 6 also had cerebral palsy in the family, all from consanguineous parents. For the controls only 4 children had cases of disability in the family: 2 were cerebral palsy, 1 was postnatally acquired and 1 was due to hypoxia during delivery.
The main risk factors for cerebral palsy were found by using a stepwise regression model (Table 5 ). All risk factors were entered individually in order of significance and removed if significance was lost. The coefficient in the analysis remained constant showing that there were no extraneous variables confounding the result. Of the 6 factors which remained out of all the study variables entered into the model, perinatal hypoxia was associated with the highest risk (adjusted OR = 92.5; 95% CI: 24.5-350). Two family variables were significant risks for cerebral palsy: consanguineous parents (aOR = 4.62; 95% CI: 2.07-10.3); and presence of birth deficits in other family members (aOR = 12.7; 95% CI: 3.13-51.7). Other risk factors that remained significant in the final model were: low birth weight (aOR = 4.98; 95% CI: 2.01-12.3); 
Discussion
This study has produced the first model of risk factors for cerebral palsy among Arab children from the West Bank and Jerusalem. The main findings of this study are that crude associations were significant for many known and emerging population-specific risk factors for cerebral palsy. When adjusted for all variables with elimination of confounding variables we found that perinatal hypoxia, low birth weight, multiple births (twins), no prenatal medical care, other birth deficits in the family and consanguinity remained as significant risk factors. Among the known risk factors for cerebral palsy, one of the first to be discussed in the literature was caesarean section, which is considered protective or associated with a slight rise in risk (16) . In the present study 45.3% of the cases had been born by caesarean section compared with 26.3% of controls, and this was significant in the univariate analysis (OR = 2.65; 95% CI: 1.61-4.34). However, the variable was not retained in the final regression model. All parents were asked the reason for the caesarean section, and of particular interest is the high number of mothers, particularly among cases, who were unaware of the reason. Indeed 10% more of the cases did not know why their child had been delivered by caesarean. In Palestine this is a decision taken by the doctor; there are no elective caesarean sections at 39 weeks of gestation as is common in other countries (17) . It should be remembered that with any observational study the data were collected post hoc and therefore we cannot know if the association was due to poor medical management and not a common, unknown confounding factor. How many cases were due to suboptimal obstetric response (not expediting delivery) is not known. Clinical signs sufficient to warrant a caesarean section may only be recognizable after the damage has occurred. Offering mothers caesarean section at 39 weeks is not currently available as a birthing plan in Palestine.
The strongest association with cerebral palsy in our study was with perinatal hypoxia. Hypoxia was documented for 45.8% cases and 1.8% of controls and this was the most important risk factor that remained in the final multiple regression model (OR = 92.5; 95% CI: 24.5-350). Lack of oxygen is believed to be an important and preventable cause of cerebral palsy and for many years no research was done to look at other risk factors for cerebral palsy (18) . Indeed this belief underpinned much of the justification for the practice of fetal monitoring in labour and the increase in caesarean section rates.
No medical care in pregnancy was another new, previously unresearched risk factor. With no national health system in Palestine, whether, when and how a woman seeks medical care in pregnancy is solely in the control of the individual. As primary health care in Palestine is available and is not expensive the reasons why 11.2% and 2.2% of case and control mothers respectively did not having regular prenatal checkups are not known and requires further investigation. Lack of regular prenatal check-ups was a significant risk factor for cerebral palsy in the multiple regression analysis (OR = 5.22; 95% CI: 1.18-23.1). From this association we can assume that the benefits of routine ultrasound in early pregnancy and other checks are important for prevention. We could not identify any studies to compare with this result.
The mean birth weight of cases and controls were 2686 kg and 3183 kg respectively, and low birth weight (≤ 2500 g) was another significant variable in the final regression model (OR = 4.98; 95% CI: 2.01-12.3). Different explanations can be suggested for this association of low birth weight with cerebral palsy: first, that low birth weight and cerebral palsy is an epiphenomenon; secondly, that intrauterine growth restriction causes the conditions responsible for brain damage; thirdly, that growth restriction or low birth weight makes the child more vulnerable to hypoxia; and finally that the damage has already occurred and that low birth weight is related to earlier pregnancy factors such as malformations or viral infections. The underlying mechanisms are unclear (18) .
Another significant variable in the risk of cerebral palsy was multiple births, found in 10 (9.3%) case and 2 (0.9%) control mothers (all the multiple births were twins, no higher order births). Despite the small numbers twin births proved to be a significant risk at all levels of analysis and remained in the regression model (OR = 9.25; 95% CI: 1.29-66.8). Multiple births have greater risks of complications particularly for the second-born child. Further they have been shown to be associated with low birth weight, preterm delivery and death of the co-fetus (19) .
Another of the variables we studied-family members with birth deficits-was defined to include any close or extended family members with physical or cognitive deficits from birth. Due to this wide definition the possibility of confounding factors cannot be overlooked. This association was found to be significant, with 14.0% of cases and 1.8% of controls having other family members with birth deficits, a variable which was highly significant in the multiple regression analysis (OR = 12.7; 95% CI: 3.13-51.7). As part of family history it may encompass a range of influences, direct and less direct, genetic factors or maybe intergenerational environmental effects. Further research is needed with perhaps a more specific definition. Other studies which focused on the risk of a second child having cerebral palsy where one child had already been diagnosed produced an OR of 1.6 of recurrence (20) .
The etiology of cerebral palsy may vary between countries, and therefore population-specific factors of cultural relevance such as consanguinity are important to investigate. One of the main objectives of our study was to see if there was an association between cerebral palsy and consanguinity. The results of the study showed that 47.7% of cases versus 24.2% of controls were from consanguineous parents (1st or 2nd cousins) and this was an important variable remaining in the regression model (OR = 4.62; 95% CI: 2.07-10.3). In other published research consanguinity was also found to be among the top risk factors (8) . The results of our study provides some evidence of a genetic etiology for cerebral palsy. More research into possible genetic links with cerebral palsy will improve our understanding of the pathophysiology of the disorder. The significance of emerging risk factors can be explained by the belief that well-known risk factors do not present the full picture of etiology. Consanguinity is a social issue which needs to be addressed by government and nongovernment agencies, and there is a need for awareness through education. For many populations inter-marriage has a number of perceived benefits, for example, keeping money in the family and families being known to each other (21) . Available research into a genetic link to cerebral palsy is mostly in the form of small-scale studies and case reports (22, 23) . Most estimates place the proportion of cerebral palsy cases with genetic etiology at between 1% and 2%, and it has been argued that cerebral palsy could be both genetic in origin as well as the result of environmental insult at any point during central nervous system development (24) . With 60% of cerebral palsy cases having an unknown cause other than suspected prepartum risk factors (25) means this area warrants attention, especially in countries with a large consanguineous population. Small-scale studies have identified nonsense mutations (26) and for consanguineous populations there may be genes which have temporal or site-specific targets that act on the developing brain. At present access to genetic diagnostic testing is limited. There are at least 20 different syndromes associated with cerebral palsy (23) and it is possible there are more genetic syndromes which remain undiagnosed.
The results of this study have many similarities with an Egyptian study conducted in 2011, in which the most significant risk factors for cerebral palsy were found to be low birth weight, preterm birth, hypoxia and consanguineous marriage (12) . In that study preterm birth lost significance in the stepwise model, as did other known risk factors such as parents' socioeconomic status. The importance of this study is that it is the first known study in Palestine identifying risk factors for Palestinian children. There are no known case-control studies or other comparable studies in the region. Subsequent studies with more power would provide more information about the factors investigated here. Identifying modifiable factors leads to the possibility of prevention. The study has provided some evidence for the need for heightened awareness about the link between consanguinity and cerebral palsy. This requires a cultural change perhaps realized through health promotion incorporating advice from health providers and social marketing campaigns. Deep-seated cultural practices are obviously hard to change and require time.
Our results concerning perinatal hypoxia suggest that when a case of cerebral palsy is identified at birth there is a need for an in-hospital inquiry aimed at possible improvement of birth practices for future avoidance. Our study also highlighted the need for greater regular prenatal check-ups. This requires an educational change so that mothers are made aware of the importance of visits for their health and their baby's health.
Limitations
As this was a small-scale study we cannot state any claim to generalizability of the results and a study with a larger sample is needed. Concerning bias the population was a homogenous group with controls representative of cases in terms of geographical area of residence. This was important to increase representativeness as convenience sampling in one treatment centre was used to recruit cases. How many Palestinian children do not access any services, and their location of residence, remains unknown, as there is no cerebral palsy register, but this is acknowledged as a limitation in terms of the representativeness of the study. Also all the limitations that accompany an observational case-control study need to be borne in mind. Incidence/ prevalence bias should be considered, because the use of incident cases rather than prevalent cases is deemed better in case-control studies, although this may not be applicable to cerebral palsy which by definition is non-progressive. In addition, this research incorporated a non-standardized questionnaire as a means of data collection, crossedchecked with medical records, which pose a weakness in terms of reliability and validity. Information bias is also a possibility with any case-control study; however, there was only the possibility of recall bias for demographic variables. There are no standardized questionnaires in existence that address the areas of our study, and there is no national cerebral palsy register in Palestine. Selection bias is always a concern in casecontrol studies so it needs to be noted that the researchers had no control over who would be treated at The Princess Basma Centre. The research continued until the sample size had been achieved. This study was unique; with no registers available data collection options are limited. Adjustment was made for gestation, sex and all study variables to avoid confounding. For the factors which this paper addresses the possibility of bias is considered minimal.
Conclusions
To conclude, among several other known risk factors such as perinatal hypoxia and multiple births, consanguinity of parents was significantly associated with cerebral palsy in Palestinian children.
